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COMBINED PERCUSSION AND TREPAN LASER DRILLING

This invention relates to the laser drilling of holes in components, more
particularly it relates to laser drilling relatively large and deep holes in superalloy
components and in particular gas turbine components, such as turbine blades and
vanes.

Laser drilling of holes, such as cooling holes, into gas turbine components
such as turbine blades and vanes has been known for some time. Laser materials
processing involves focusing a high power laser beam onto the surface of a work
piece. A portion of the beam is absorbed, the amount depending upon the material
type and surface condition. The high intensity (on the order of 107 watts per cm?)
produced by absorption of high power (eg. 250 watts) and focusing the beam to
0.004 to 0.008 inch diameter results in heating, melting, and vaporization of the
surface material.

Laser drilling is most noted for ability to produce small (e.g. 0.004 inch)
diameter holes, holes with high (>10:1) aspect (depth to diameter) ratios, and holes
at shallow (10°) angles from the surface, all in the toughest aerospace alloys.

There are two types of laser drilling processes: percussion drilling and
trepanning. Percussion laser drilling is typically used for production drilling of
cooling holes in blades and nozzle guide vanes. The process involves a stationary
beam and one or more fmlses to penetrate the thickness of the material. With
percussion drilling, the hole diameter is established by the beam diameter and
power level.

Trepanning laser drilling involves contour cutting the hole. It involves
moving the beam along a circular path to prodﬁce a hole having a diameter greater
than that produced by a stationary focused beam (i.e. as in percussion drilling). A
high pressure inert or oxidizing gas flows though a nozzle coincident with the laser
beam providing mechanical energy needed to remove the laser melted metal. With
trepanning, the hole diameter is limited only by the motion system travel.

The percussion drilling and trepanning processes are limited when it comes
to drilling relatively large (e.g. of at least 0,030 inches) and deep (e.g. of at least
0.30 inches) holes, especially with regard to drilling holes through Ni and/or Co

based superalloys. The percussion method is limited in that the maximum aspect
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ratios that can be effectively drilled due to slag buildup blocking the hole is about
10:1 with hole diameters of about 0.030 inches. Furthef, when large and deep
holes are percussion drilled the holes formed are observed to be tapered, i.e.
smaller at the bottom. Trepanning of large and deep holes is also ineffective in that
before the hole becomes too deep slag tends to accumulate in the hole and the laser
energy becomes absorbed by the substrate interfering with further drilling.

Thus it is an object of the pieseht invention to provide a process for laser

drilling large and deep holes through superalloy components.

Summary of the Invention

Briefly, a process is provided for laser dril'ling.a', hole through a nickel
and/or cobalt based superalloy component, said hole having a predetermined
diameter of at least about 0.030 inches and a depth to diameter ratio of at least
about 10:1, comprising percussion laser drilling a central hole through the
superalloy to a diameter less that the predetermined diameter, then trepanning laser
drilling a hole around the central hole to expand the diameter of the hole to the
predetermined diameter. These steps are repeated as needed during the hole
drilling process to complete the formation of a uniform hole.
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Laser drilling is generally carried out with a pulsed YAG laser using a CNC
(computer numerical control). The laser typically produces a beam of
approximately 0.004 to 0.008 inches diameter with an average energy of about 250
watts. An optical system is provided which includes a lens for focusing the laser
beam onto the surface of the component to be drilled. The component is a Ni
and/or Co based superalloy. Typical superalloys include Mar-M509, IN-738,
CMSX-4, IN-792, U520 and X-40. The components can be gas turbine
components, e.g. turbine blades and vanes, and the holes are generally drilled for
film cooling purposes. The predetermined diameter being drilled is at least about
0.030 inches with a depth to diameter ratio of at least about 10:1, preferably about
0.03 to 0.10 inches diameter with a depth to diameter ratio of about 20 to 30:1.
Generally the depth of the hole is within the range of about 0.4 to 1.5 inches.
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The first step of the process involves percussion drilling a central hole
through the superalloy to a diameter less than the desired (predetermined)
diameter. The central hole formed by percussion drilling has a diameter up to
about 0.020 inches, preferably 0.01 to 0.02 inches. An eight inch focal length lens
can be used in percussion drilling the central hole. Typically during percussion
laser drilling 4 to 8 laser pulses/second are used. This central hole diameter
facilitates the removal of slag and allows the subsequent trepanning to be
effectively carried out.

After the percussion drilling trepanning laser drilling is carried out to
expand the central hole to the predetermined diameter. Trepanning involves laser
drilling a series of small circles with the laser following a circular path to produce a
hole with the predetermined diameter. A six inch focal length lens can be used
during trepanning to produce the trepanning circles. During trepanning typically
10 to 15 laser pulses/second are used. The relative motion of the laser beam to the
component can be carried out by moving the laser beam and/or the component by
methods as are common in the art. During trepanning if slag is deposited
interfering with drilling then the percussion drilling step is repeated followed by the
trepanning step. These two operations are repeated until the predetermined hole
diameter is achieved uniformly through the full depth of superalloy material.

During the laser drilling process the rear of the hole is kept clear to allow
for slag to exit the central hole during trepanning. Thus no barrier material (eg.
resin) is used abutting the exit of the hole. However, a protective barrier may be
desirable to prevent any erosion of the wall of the component opposite to the exit
of the hole. A protective barrier material (eg. resin) may be used on the wall of the
component opposing the exit of the hole to protect this surface of the component
which is in the path of the laser beam from being machined or damaged.

Example

A M34 Convergent Energy CNC pulsed YAG laser machine was used to
produce a 0.045 inch diameter hole through a 0.9 inch thick wall of a industrial
turbine vane component comprised of a MAR M509 superalloy.
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Using an eight inch focal length lens a 0.015 to 0.020 inch diameter central
hole was percussion drilled through the component using a laser pulse rate of 6
pulses/second. Using a six inch focal length lens trepanning laser drilling was
carried out with a series of circles drilled about each central hole using a laser pulse
rate of 12 pulses/second creating a 0.045 inch diameter hole. As slag built up in
the hole during trepanning blocking the central hole the percussion drilling was
repeated to clear the central hole followed by trepanning. These steps were
repeated until the 0.045 inch diameter hole was achieved through the 0.9 inch

depth. The hole was of a uniform diameter, with minimal taper.
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What is claimed:
1. A process of laser drilling a hole through nickel and/or cobalt based
superalloy component said hole having a predetermined diameter of at least about
0.030 inches and a depth/diameter ratio of at least about 10:1, comprising:
percussion laser drilling a central hole through the component to a diameter
less than the predetermined diameter; then
trepanning laser drilling around the central hole to expand the diameter of
said hole to the predetermined diameter.
2, Process of Claim 1 wherein the percussion and trepanning laser drilling
steps are repeated to drill said hole.
3. Process of Claim 2 wherein the central hole has a diameter of up to about
0.020 inches.
4, Process of Claim 3 wherein said hole has a depth/diameter ratio of about 20
to 30:1.
5. Process of Claim 4 wherein the predetermined diameter is about 0.30 to
0.10 inches.
6. Process of Claim 4 wherein the depth of the hole is about 0.4 to 1.5 inches.

7. Process of Claim 2 wherein no barrier material is used abutting the rear exit
of the hole.
8. Process of Claim 7 wherein a protective barrier material is used on the wall

of the component opposing the rear exit of the hole.

9. Process of Claim 7 wherein the component is of a gas turbine component.
10.  Process of Claim B wherein said hole is a cooling hole.

11.  Process of Claim 1 wherein the laser drilling is carried out using a computer
numerical control.

12.  Process of Claim 11 wherein the percussion drilling is carried out at 4 to 8

pulses/second and the trepanning is carried out at 10 to 15 pulses/second.
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